WE CLAIM: 

1 . A method of tuning a plurality of electrostatic quadrupole of an ion beam implanter, the 

steps of the method comprising : 

a) grouping each of the plurality of electrostatic quadrupole into one of a predetermined number 
of groups based on a primary function of the quadrupole, the predetermined number of groups being at 
least one less than a number of electrostatic quadrupoles; and 

b) for each of the groups of quadrupoles, energizing the quadrupoles in the group by iteratively 
substituting values for a voltage to be applied to each of the quadrupoles in the group using a multi- 
parameter heuristic algorithm and measuring final beam current measured downstream of the ion 
accelerator to determine a set of applied voltage values that maximize the final beam current among those 
applied voltage values tested and utilizing the set of applied voltage values to energize the quadrupoles in 
the group. 

2. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 1 wherein ion implanter includes a radio frequency ion accelerator and the predetermined number of 
groups is three and the primary function of quadrupoles each of the three groups is as follows: 

a) group 1 - functioning as a matching unit between an analyzing mass unit of the 
ion beam implanter and the ion accelerator by transforming an emittance 
orientation of the an ion beam to an orientation of an emittance of the ion 
accelerator; 

b) group 2 - transporting the ion beam through the ion accelerator; and 

c) group 3 - functioning as a matching unit between the ion accelerator and a final 
energy magnet of the ion implanter by transforming the emittance orientation of 
the ion beam to an emittance of the final energy magnet. 

3. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 1 wherein the multi-parameter heuristic algorithm is the Simplex algorithm. 

4. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
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claim 1 wherein the predetermined number of quadrupoles identified for each of the groups of quadrupoles 
is less than or equal to six. 

5. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 1 wherein the final beam current of the ion beam is measured downstream of a final energy magnet 
of the ion implanter. 

6. A method of tuning a plurality of electrostatic quadrupole of an ion beam implanter, the 
steps of the method comprising: 

a) grouping each of the plurality of electrostatic quadrupole into one of a predetermined number 
of groups, the predetermined number of groups being at least one less than a number of electrostatic 
quadrupoles; and 

b) for each of the groups of quadrupoles, energizing the quadrupoles in the group by iteratively 
substituting values for a voltage to be applied to each of the quadrupoles in the group using a multi- 
parameter heuristic algorithm and measuring final beam current measured downstream of the ion 
accelerator to determine a set of applied voltage values that maximize the final beam current among those 
applied voltage values tested; 

c) measuring one or more parameters of the ion beam upon completion of step (b); 

d) determining if the ion beam is acceptable by comparing the one or more measured 
parameters of the ion beam to one or more standards: 

i) if the resulting final beam current is acceptable, then utilizing the determined sets of 
applied voltage values to energize the quadrupoles in each of the groups; and 

ii) if the resulting final beam current is not acceptable, then changing the predetermined 
number of groups and repeating steps (a) - (d). 

7. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 6 wherein the one or more measured parameters is final ion beam current. 

8. A method of tuning a plurality of electrostatic quadrupoles and a plurality of resonators of 
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an ion beam implanter having an ion accelerator for accelerating ions of an ion beam along a path of travel 
from an ion source to a workpiece, the steps of the method comprising: 

a) tuning the plurality of resonators to achieve a desired final beam energy with a minimum 

energy spread of the ion beam; 

b) tuning the plurality of quadrupoles to maximize a transmission rate of the ion beam where the 
transmission rate is a ratio of a final beam current of the ion beam measured downstream of the ion 
accelerator to an injection beam current measured upstream of the ion accelerator, the step of tuning of 
the plurality of quadrupoles including the substeps of: 

1 ) classifying each of the plurality of electrostatic quadrupoles into one of a 
predetermined number of groups based on a primary function of the quadrupole, the predetermined 
number of groups being at least one less than a number of electrostatic quadrupoles; and 

2) for each of the groups of quadrupoles, tuning the quadrupoles in the group by 
iteratively substituting values for a voltage to be applied to each of the quadrupoles in the group using a 
multi-parameter heuristic algorithm and measuring final beam current to determine a set of applied voltage 
values that maximize the transmission rate among those applied voltage values tested and utilizing the set 
of applied voltage values to tune the quadrupoles in the group. 

9. The method of tuning a plurality of electrostatic quadrupoles and a plurality of resonators of 
an ion beam implanter of claim 8 wherein the predetermined number of groups in the tuning of the plurality 
of quadrupoles step is three and the primary function of quadrupoles each of the three groups is as 
follows: 

a) group 1 - functioning as a matching unit between an analyzing mass unit of the 
ion beam implanter and the ion accelerator by transforming an emittance 
orientation of the an ion beam to an orientation of an emittance of the ion 
accelerator; 

b) group 2 - transporting the ion beam through the ion accelerator; and 

c) group 3 - functioning as a matching unit between the ion accelerator and a final 
energy magnet of the ion implanter by transforming the emittance orientation of 
the ion beam to an emittance of the final energy magnet. 
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10. The method of tuning a plurality of electrostatic quadruples and a plurality of resonators of 
an ion beam implanter of claim 8 wherein the heuristic algorithm is the Simplex algorithm. 

11. A method of tuning a plurality of electrostatic quadruples of an ion beam implanter, the 

steps of the method comprising: 

a) grouping each of the plurality of electrostatic quadruples into one of a predetermined 
number of groups based on a primary function of the quadrupole; 

b) identifying a predetermined number of variables for each of the predetermined number of 
group having the greatest effect on maximizing a transmission rate of the ion beam where the transmission 
rate is a ratio of a final beam current of the ion beam measured downstream of the ion accelerator to an 
injection beam current measured upstream of the ion accelerator; and 

c) for each of the groups of quadruples, energizing the quadruples in the group by iteratively 
substituting values for each of the predetermined number of variables identified in step (b) using a multi- 
variable heuristic algorithm and measuring final beam current to determine a set of variable values that 
maximize the transmission rate among those values tested and utilizing the set of variable values to 
energize the quadruples in the group. 

12. The method of tuning a plurality of electrostatic quadruples of an ion beam implanter of 
claim 1 1 wherein the predetermined number of groups is three and the primary function of quadrupoles 

each of the three groups is as follows: 

a) group 1 - functioning as a matching unit between an analyzing mass unit of the 
ion beam implanter and the ion accelerator by transforming an emittance 
orientation of the an ion beam to an orientation of an emittance of the ion 
accelerator; 

b) group 2 - transporting the ion beam through the ion accelerator; and 

c) group 3 - functioning as a matching unit between the ion accelerator and a final 
energy magnet of the ion implanter by transforming the emittance orientation of 
the ion beam to an emittance of the final energy magnet. 
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13. The method of tuning a plurality of electrostatic quadruples of an ion beam implanter of 
claim 1 1 wherein the multi-variable heuristic algorithm is the Simplex algorithm. 



14. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 1 1 wherein one of the predetermined number of variables identified for each of the groups of 
quadrupoles is voltage applied to each of the plurality of quadrupoles. 

15. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 1 1 wherein the final beam current of the ion beam is measured downstream of a final energy magnet 
of the ion implanter. 

16. A method of tuning a plurality of electrostatic quadrupoles and a plurality of resonators of an 
ion beam implanter utilizing an ion accelerator for accelerating ions of an ion beam along a path of travel . 
from an ion source to a workpiece positioned in an implantation chamber, the steps of the method 
comprising: 

a) tuning the plurality of resonators to achieve a desired final beam energy with a minimum 

energy spread of the ion beam; 

b) tuning the plurality of quadrupoles to maximize a transmission rate of the ion beam where the 
transmission rate is a ratio of a final beam current of the ion beam measured downstream of the ion 
accelerator to an injection beam current measured upstream of the ion accelerator, the step of tuning of 
the plurality of quadrupoles including the substeps of: 

1 ) classifying each of the plurality of electrostatic quadrupoles into one of a 
predetermined number of groups based on a primary function of the quadrupole; 

2) identifying a predetermined number of variables for each group having the greatest 
effect on maximizing a transmission rate of the ion beam wherein the transmission rate is a ratio of a final 
beam current of the ion beam measured downstream of the ion accelerator to an injection beam current 
measured upstream of the ion accelerator; and 

3) for each of the groups of quadrupoles, energizing the quadrupoles in the group by 
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iteratively substituting values for each of the identified variables for the group using a multi-parameter 
heuristic algorithm and measuring the final beam current to determine a set of variable values that provide 
a maximum transmission rate among values tested and utilizing the set of variable values to energize the 
quadrupoles in the group. 

17. The method of tuning a plurality of electrostatic quadrupoles and a plurality of resonators of 
an ion beam implanter of claim 16 wherein the predetermined number of groups in the tuning of the 
plurality of quadrupoles step is three and the primary function of quadrupoles each of the three groups is 
as follows: 

a) group 1 - functioning as a matching unit between an analyzing mass unit of the 
ion beam implanter and the ion accelerator by transforming an emittance 
orientation of the an ion beam to an orientation of an emittance of the ion 
accelerator; 

b) group 2 -transporting the ion beam through the ion accelerator; and 

c) group 3 - functioning as a matching unit between the ion accelerator and a final 
energy magnet of the ion implanter by transforming the emittance orientation of 
the ion beam to an emittance of the final energy magnet. 

1 8. The method of tuning a plurality of electrostatic quadrupoles and a plurality of resonators of 
an ion beam implanter of claim 16 wherein the heuristic algorithm is the Simplex algorithm. 

19. The method of tuning a plurality of electrostatic quadrupoles and a plurality of resonators of 
an ion beam implanter of claim 1 6 wherein one of the variables identified for each of the groups of 
quadrupoles is voltage applied to each of the plurality of quadrupoles. 

20. An ion beam implanter comprising: 

a) an ion accelerator for accelerating ions of an ion beam along a path of travel from an ion 
source to a workpiece positioned in an implantation chamber; 

b) a plurality of electrostatic quadrupoles energizable to control divergence of the ion beam 
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along its path of travel; and 

c) control electronics coupled to the plurality of quadrupoles to control a voltage applied to each 
quadrupole of the plurality of quadrupoles, the control electronics operating to: 

1 ) grouping each of the plurality of electrostatic quadrupole into one of a predetermined 
number of groups, the predetermined number of groups being at least one less than a number of 
electrostatic quadrupoles; and 

2) for each of the groups of quadrupoles, energizing the quadrupoles in the group by 
iteratively substituting values for a voltage to be applied to each of the quadrupoles in the group using a 
multi-parameter heuristic algorithm and measuring final beam current measured downstream of the ion 
accelerator to determine a set of applied voltage values that maximize the final beam current among those 
applied voltage values tested and utilizing the set of applied voltage values to energize the quadrupoles in 

. the group. 

21 . A method of tuning an ion beam implanter utilizing a radio frequency ion accelerator, the 
steps of the method comprising: 

a) grouping each of a plurality of electrostatic quadrupoles positioned with respect to the radio 
frequency accelerator into groups wherein a number of groups of quadrupoles being at least one less than 
a number of electrostatic quadrupoles; and 

b) for each of the groups of quadrupoles, tuning the quadrupoles in the group by iteratively 
energizing each of the quadrupoles in the group and measuring final beam current downstream of the ion 
accelerator for maximizing the final beam current and utilizing a set of applied voltage values to energize 
the quadrupoles in the group. 

22. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 21 wherein the tuning of quadrupoles in each of the groups of quadrupoles is done using a multi- 
variable heuristic algorithm. 

23. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 21 wherein the grouping of the plurality of quadrupoles into groups is done base on a primary 
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function of each quadrupole. 



24. The method of tuning a plurality of electrostatic quadrupoles of an ion beam implanter of 
claim 23 wherein the number of groups of quadrupoles is three and the primary function of quadrupoles 

each of the three groups is as follows: 

a) group 1 - functioning as a matching unit between an analyzing mass unit of the 
ion beam implanter and the ion accelerator by transforming an emittance 
orientation of the an ion beam to an orientation of an emittance of the ion 
accelerator; 

b) group 2 - transporting the ion beam through the ion accelerator; and 

c) group 3 - functioning as a matching unit between the ion accelerator and a final 
energy magnet of the ion implanter by transforming the emittance orientation of 
the ion beam to an emittance of the final energy magnet. 
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